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Abstract - Advances in computer technology of today’s three-dimensional graphics coupled with the emergence of 
a variety of powerful devices have provided many benefits to training applications utilizing Virtual Reality and 
Motion Capture technologies. The use of these technologies offers a unique experience to the user by offering 
superior immersive representation as well as realistic motion training system.  This paper discusses on Virtual 
Reality and Motion Capture technologies.  It also reviews some of the related studies pertaining to the used of 
Virtual Reality and Motion Capture technologies in martial arts training. Based on this review, it can be concluded 
that the use of Virtual Reality and Motion Capture technologies in martial arts training offers many benefits and 
advantages. Therefore, the combination of these technologies has been proposed as the best approach for self-
directed martial arts training. 
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——————————      —————————— 
1 INTRODUCTION
irtual Reality (VR) can be defined as a computer-
generated imagery where the users can interact in a 
real world, navigate and view in real time [1],[2], [3]. 
VR has also been defined as a technology which combines 
the use of computers, software and hardware to generate 
the Virtual Environment (VE) and allows users to create 
an experience in the environment [4]. Meanwhile, Motion 
Capture (MoCap) is a technique of capturing motion of an 
object [5]. The MoCap data is usually mapped to three 
dimensional (3D) objects through the use of 3D modelling 
packages such as 3DS Max or Maya in order to produce 
realistic animations. The animated 3D objects are then 
transferred to the Virtual Reality applications such as 
Unity 3D and Quest3D to create the Virtual Environment 
(VE).     
Normally, in a conventional martial arts training 
situation, the training is conducted by the instructor who 
explains and demonstrates the task to be performed and 
the trainees will follow the instructor. There are several 
limitations to the conventional martial arts training 
approach.   Nowadays, the use of technology has been 
widely used in training and that also include VR and 
MoCap technologies. The integration of technology in 
training can improve the quality of training, performance 
and knowledge among the trainees. The growth of 
technology makes the number of training resources to 
increase dramatically. Overall, integrated training 
environments have been created to provide more 
systematic and effective training. 
The advancements in the three-dimensional (3D) 
computer graphics technology coupled with the 
emergence of a variety of powerful and affordable 3D 
graphics hardware bring a lot of interest in the VR 
applications [6]. In addition, the availability of more 
affordable MoCap hardware such as the Microsoft Kinect 
enables more studies can be conducted in the use of 
Kinect in capturing human movements for the purpose of 
martial arts training.  These have encouraged many in-
dustries and researchers to develop new applications 
especially in training [7]. 
2 VIRTUAL REALITY 
The main advantage of VR is its capability in generating 
information in 3D that allows users to view and interact 
with the environment and provide high interactivity 
which could not be achieved with other media [8]. Users 
can freely control the viewing angle of the objects as if 
they were immersed in the real environment [9].  Besides 
that, VR enables users to view and playback real time 3D 
display by allowing them to freely control the display and 
consequently improve the feeling of presence and their 
depth perception (Bideau et. al [10]). 
VR provides real time interactivity which allows users to 
receive immediate feedback from the virtual instructor 
[10]. The interaction can increase the sense of presence in 
the VE [11]. Consequently, this enables the users to 
interact with all the human sensorial channels which 
include visual, auditory, haptic, and olfactory [12]. When 
the human sensorial channels are combined with 
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interactivity, it will make the VR experience more 
immersive and realistic and attract the attention of users 
to use the technology [13].  
 Apart from that, VR allows the users to fully 
control the VE with flexibility, repeatability, providing the 
realistic environment at a reasonable cost and realizing an 
immersive training environment [14], [15]. In addition, 
VR has the ability to overcome the issues related to real 
life [16]. VR has the capability to make low cost and zero 
risk system in various fields [17].   
3 MOTION CAPTURE 
In the traditional 3D animation process, it is difficult to 
animate the digital human with the used of the key 
framing technique.  Using this technique to produce 
realistic human animation requires high level of expertise, 
a lot of effort as well as time. MoCap technology has been 
introduced since the 70s.  It is used to capture the 
movements of a real object and map it onto the digital 
objects.  It is usually used to create digital actors by 
capturing the motions of humans. There are many types 
of MoCap system which among others include magnetic, 
mechanical and optical depending on the types of 
technology that the devices are made off. Most of the 
MoCap systems are considered expensive and beyond the 
reach of most individuals.  However, with the 
introduction of affordable MoCap device such as 
Microsoft Kinect (see Figure 1), the utilization of MoCap 
for various applications can be broadly expanded. The 
advancement in the computational power results in the 
introduction of facial MoCap to capture complex 
movements in a human face to represent emotion.  Figure 
2 shows the marker and markerless facial MoCap devices. 
The main advantage of MoCap is the capability of real 
time visualization and the high quality of the generated 
motion [18]. This is the main reason for MoCap to be 
indisputably the creative tool in the entertainment as well 
as training industries. Besides that MoCap does not 
restrain the actor’s behavior, and the actor can move in 
any direction or manner [19]. The use of MoCap enables 
complex movement and realistic physical interactions be 

























Fig. 1. Microsoft Kinect 
 
Fig. 2. Marker and markerless facial MoCap devices 
4   PREVIOUS RESEARCH MARTIAL ARTS TRAINING 
There have been many previous researches related to VR 
and MoCap in training. These technologies have been 
widely used in computer-based training [2, 21] including 
the study of human motion [22].  Recent advances in VR 
and MoCap enable them to be implemented in martial 
arts [23]-[29].  
 Martial arts can be categorized as modern sport 
and exercise which are popular and long existed for 
thousands of years.  The utilization of VR in sports has 
been successfully proven such as in the London Olympic 
Games (2012), Beijing Olympic Peak Park (2008) and 
Shanghai Online Expo (2010) [17]. The benefits of VR and 
MoCap in sports are not just limited to the improvement 
in the training performance of the athletes but they are 
also capable of getting people to be involved in sports. 
 Sani, Hendrawan and Samopa [23] developed a 
Taekwondo training system by using the MoCap system. 
This system was developed for both trainers and trainees 
to help them learn and improve complex martial arts 
Taekwondo movements while training. It also provides 
immediate feedback for both trainers and trainees in 
order to improve their training. Chye and Nakajima [24] 
developed a game-based learning system for martial arts 
using Microsoft Kinect, a motion sensor device that that 
allows users to interact intuitively. The main purpose of 
this system is to provide a virtual trainer in training and 
provides real time feedback to the users. This system has 
been proven to bring joy and fun learning experiences 
especially for the novice.  
 Ogawa and Kambayashi [25] developed a self-
learning system through virtual avatars using Microsoft 
Kinect. This system provides users and virtual avatars 
that can communicate through the same virtual space. 
This system also provides immediate feedback to the 
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users and instructors in improving their training 
performance.  Phunsa, Potisarn and Tirakoat [26] 
developed a Thai Boxing edutainment system based on 
motion capture technique. This system uses 9 optical 
motion capture cameras and 42 markers attached to the 
body of a Thai Boxer in order to record and capture the 
movements. The results of their study indicated that the 
edutainment system is able to provide the right exercise 
postures, physical activities, and self-defense techniques 
to the users. 
 Komura et. al [27] proposed a martial arts 
training system by using the MoCap system. Their system 
is able to provide three benefits that include; the users can 
use the system at any time when they feel free, the system 
provides an immediate feedback that can help trainees in 
training and the real trainer can also get the benefit from 
using the system. The user has to wear the Head-
mounted Display (HMD) to interact with a virtual trainer. 
The results of their study showed that after using the 
system for several times, the users were able to improve 
their training performance and the immediate feedback 
can help them to learn. Kwon and Gross [28] developed a 
Taekwondo training system using MoCap. This system 
provides motion detection and evaluation and visual 
feedback generation. It allows the trainees to train the 
Taekwondo movements and produce motion training 
videos and practice complex motions precisely evaluated 
by a computer. Figure 3 shows the Taekwondo motion 
training system.   
 
 
Fig. 3. Taekwondo Motion Training System (Kwon & Gross, 2005) 
 
 
Fig. 4. The VE for Tai Chi (Chua et al, 2003). 
 
Chua et. al [29] proposed a VR motion training system 
that tracks full body for practicing Chinese martial art, 
Tai Chi. This system has been proposed to improve the 
training performance. This system is the first system that 
uses wireless full body VE. In this system, the user will 
mimic the movements of a virtual avatar. Figure 4 shows 
the Tai Chi motion training system. 
 
5   CONCLUSION 
This paper has provided a review of the used of VR 
and MoCap in martial arts training. It started with the 
definition of VR and MoCap and continued to 
elaborate on the two technologies. Through the 
literature search, we managed to gather articles 
pertaining to the applications of VR and MoCap for 
martial arts training and several of the applications 
have been implemented. However, implementing VR 
and MoCap for training without determining the 
users’ perceptions towards the used of the applications 
would not be convincing. We expect in the future that 
more researchers in this area would continue their 
studies to include user evaluation of their applications. 
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